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Abstrat
We alulate the orbital magnetization of a onned 2DEG as a funtion of the
number of eletrons in the system. Size eets are investigated by systematially
inreasing the area of the onning region. The results for the nite system are
ompared to an innite one, where the magnetization is alulated in the thermo-
dynami limit. In all alulations the eletron-eletron interation is inluded in the
Hartree approximation.
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1 Introdution
Magnetization measurements oer a way to diretly probe the equilibrium
ground state properties of 2DEGs in the quantum Hall regime. Suh informa-
tion is not diretly aessible in magnetotransport or optial spetrosopy, in
whih non-equilibrium behavior of the system is measured. Many years ago the
de Haas-van Alphen osillations of the magnetization were observed and used
to haraterize the DOS of the 2DEG [1℄. In reent years many-body eets,
inluding those related to the FQHE and skyrmions, have also been observed
in experiments [2,3℄. Two dierent experimental setups are used: one method
uses sensitive mehanial, torque magnetometers [1,2℄, and a more reent one
uses a low noise, superonduting quantum interferene devie (SQUID) [3,4℄.
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Various thermodynami quantities, inluding the magnetization, have been
alulated both for a disordered homogeneous 2DEG within the Hartree-Fok
approximation (HFA) [5℄ and a statistial model for inhomogeneities orre-
sponding to the Hartree approximation (HA) [6℄. These alulations show
many-body eets reeting sreening and, in addition, the HFA produes ex-
hange enhanement at odd lling fators due to spin splitting, and at even
lling fators an enhanement, explored to lesser extent in experiments.
For nite systems Kotlyar et al. alulated the persistent urrent in an array
of quantum dots using Mott-Hubbard model for the intra-dot and inter-dot
eletron interation [7,8℄. For two spin split levels per dot osillations in the
persistent urrent, whih is equivalent to magnetization density, were observed
as a funtion of the number of ux quanta penetrating the system.
In the present work we alulate the magnetization of a two dimensional
eletron system onned to a retangular box, subjeted to a nite one-
dimensional periodi potential. Starting from a single unit ell we progressively
inrease the number of ells until we nd onvergene of the magnetization to
the saw-tooth prole expeted from the thermodynami results. We disuss
the edge and the bulk ontribution to the orbital magnetization and the eets
of the potential.We alulate separately the eets of the periodi potential in
the innite system, and ompare the results. The eletron-eletron interation
is alulated in the HA for both the nite and the extended system.
2 Models
The model for a nite system onsists of a laterally onned 2DEG. A hard
wall potential ensures that the eletrons stay in the retangular region
Σ = {(x, y)|0 < x < Lx, 0 < y < Ly}. (1)
A perpendiular magneti eld and an external modulating potential are ap-
plied to the system. The potential, whih is of the form
V
mod
(x) = V0 cos
(
2nxπx
Lx
)
, (2)
models nx (nx integer) parallel quantum wires of width ℓx = Lx/nx and length
Ly. The length is hosen to be Ly = nyℓx so the geometry of system is on-
trolled by the parameters nx and ny. By dening a unit ell of area ℓ
2
x, the
parameters nx and ny ount the number of ells in the x and y diretion,
respetively. The total number of ells is Nxy = nxny. The wave funtions of
2
the nite systems are expanded in sine Fourier series, sine they are required
to vanish at the boundary and the Shrödinger equation is solved in the HA.
The orbital magnetization in the nite system is alulated aording to the
denition [9℄
M =
1
2LxLy
∫
Σ
d2r(r× 〈J(r)〉) · eˆz. (3)
In the extended system the ground state is alulated in the HA, by diago-
nalizing the Hamiltonian in the Landau basis, and by expanding the matrix
elements as Fourier series. Therefore we an evaluate diretly the magnetiza-
tion by the thermodynami formula appropriate for the anonial ensemble,
M = −
1
LxLy
d
dB
(E − TS), (4)
where E is the total energy, and S the entropy. We shall assume that the
temperature is suiently low to neglet the entropy term.
3 Results
We use GaAs parameters, m∗ = 0.067m0, κ = 12.4. The magneti eld is
B = 1.5T, resulting in a magneti length ℓc = 21 nm. The width of the
wires is ℓx = 75 nm, modulation amplitude V0 = 10meV, and the temperature
T = 1K. In order to ompare the results for the nite system to the innite
one we dene the quantity ν¯ = Ns/NLB, where Ns is the number of eletrons
and NLB = LxLy/2πℓ
2
c is the Landau level degeneray. When ℓ
2
c ≪ LxLy we
an interprete ν¯ as the lling fator ν.
Sine the modulation potential is anisotropi the system will behave dierently
depending on whether nx or ny is inreased. Here we onsider the ases of
one, two , and three parallel wires, nx = 1, 2 and 3, of varying length. We
alulate for lengths, Ly = nyℓx, orresponding to ny = 1, 2, 3, and 4. The
magnetization for the nite system is shown in gure 1. It is plotted in units
of NxyM0, where M0 = µ
∗
B/ℓ
2
x and µ
∗
B is the Bohr magneton ontaining the
eetive eletron mass. The top panel shows the magnetization of a single
wire, nx = 1. For few eletrons, ν¯ < 2, the urrent density irulates lokwise
around the maximum density of the wire but for ν¯ between 2 and 3, depending
on ny, the diretion of the urrent reverses and the magnetization dereases
again. Around ν¯ = 4 a single, dominant urrent loop splits into two smaller
ones for ny > 1 (the urrent simply reverses for ny = 1) and the magnetization
inreases. The magnetization of two parallel wires, nx = 2, is shown in the
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Fig. 1. The magnetization for dierent nx × ny. In the top panel the magnetization
for a single wire, nx = 1, of length 1× through 4 × ℓx is plotted. The enter and
bottom panel show similarly the magnetization for nx = 2 and nx = 3, respetively.
enter panel in gure 1. More pronouned jumps around ν¯ = 2 and 4 are
due to denser energy levels beause of the inreased system size. In gure 2
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Fig. 2. Energy spetrum as a funtion of Ns/NLB for two wires nx = 2 of length
ny = 4. The solid line denotes the hemial potential µ.
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the energy levels of the system and the hemial potential, shown as a solid
line, are plotted as a funtion of the number of eletrons. Below ν¯ ≈ 2.5 the
hemial potential traverses through relatively sparse (longitudinal) energy
levels until it enters an energy interval orresponding to the seond transverse
energy band, with a lower slope. Around ν¯ = 4 it grows again. Sreening
redues the amplitude of the modulation potential, but for ν¯ < 3 the wires
are well isolated. A more omplex situation ours for three wires, nx = 3,
sine there is a wire in the enter of the system whih is weaker oupled
to the edges than the other two. At the boundary of the system there is a
minimum in the Hartree potential due to the positive bakground harges
[10℄. As the wire length is inreased, more states get loalized around this
minima and their ontribution to the magnetization beomes more important.
An interplay of this eet and ontribution from the enter wire auses the
magnetization minimum preeeding the jump at ν¯ = 4 to be shifted upwards,
and for ny = 4 the region between ν¯ = 2 and 4 is relatively at. In order
to estimate the bulk ontribution to the magnetization we use equation (3),
but instead of integrating over the whole system we dene a bulk area whih
is intergrated over. We hoose this area to over the enter wire where we
have taken 40 nm of its ends. The bulk magnetization, using the previous
denition, is shown in gure 3. This an be ompared with the magnetization
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Fig. 3. The bulk magnetization for tree parallel wires of length ny = 3 and ny = 4.
See text for the denition of the bulk ontribution.
alulated for an innite system of parallel wires (nx = ∞, ny = ∞) also
dened by the potential (2), shown in gure 4. In this ase the energy spetrum
onsists of periodi Landau bands. The deviations from the saw-tooth prole,
orresponding to the homogeneous system (Vmod = 0) are determined both
by the redued energy gaps, i. e. the redued jumps, and also by the energy
dispersion, i. e. the nonlinear behavior in between even-integer ν-values.
In summary, the wire modulation used here shows that magnetization due
to edge states is nontrivial and large in mirrosopi systems. At the same
time the bulk ontribution to the magnetization for the system assumes very
early the form known for an innite 2DEG when the system size is inreased.
5
-1.0
-0.5
0.0
0.5
1.0
1.0 2.0 3.0 4.0 5.0 6.0
M
 (m
eV
 T 
  c
m 
  )
-
1
-
2
ν
Fig. 4. Thermodynami magnetization for a modulation with ℓx = 75nm, in the
HA. The solid line is V0 = 10meV and dashed line V0 = 5meV.
This might suggest experiments with a SQUID loop plaed inside the system
boundaries in order to verify the dierent ontributions to the magnetization.
The measurements of magnetization seem to provide a more diret aess to
the intrinsi equilibrium quantum many-eletron struture of the system than
transport and far-infrared experiments.
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